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(54) METAL MATRIX COMPOSITE MATERIAL CONSTITUTING MEMBER HAVING 
HIGH RIGIDITY AND HIGH STABILITY IN LONGITUDINAL DIRECTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a constituting member having high rigidity and 
high stability. 

SOLUTION: An extended metal matrix composite material is composed of, by volume, 35 
to 45% aluminum base or magnesium base alloy matrix and 65 to 55% continuous carbon 
fibers arranged by sheets parallel to the longitudinal direction. In the case the matrix is 
composed of an aluminum base, as for the ones of 25 to 60% among the plural sheets, the 
fibers are arranged at 0°±5° with respect to the longitudinal direction of the constituting 
member. In the other sheets, the fibers are arranged at ±20° or ±40° with respect to a 
prescribed direction. In the case the matrix is composed of a magnesium base, the fibers 
having an ultrahigh coefficient are arranged at 0°±5° in at least 90% of the sheets. This 
material imparts high rigidity and high stability in a prescribed direction and is suitable for 
application in the aerospace industry. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] it extends in the predetermined direction — having — coming out — getting down — 35 From volume 
% 45 With the aluminum radical alloy matrix of volume % It has been arranged as a continuation sheet parallel to 
said predetermined direction. 65 From volume % 55 It consists of a carbon fiber which volume % followed. Said 
carbon fiber is abbreviation at least. 90% is fiber which has a super-high multiplier, and it is abbreviation among 
two or more sheets. From 25% to abbreviation 60% of thing The carbon fiber which has said super-high multiplier 
receives in said direction. It sets at 0 degree ** 5 degrees at an alignment eclipse and other sheets. The carbon 
fiber which has said super-high multiplier receives in said direction. Metal matrix composite-material 
configuration member characterized by being oriented at the include angle (**20 degrees thru/or ** 40 degree). 
[Claim 2] Said matrix is abbreviation. 10 Configuration member according to claim 1 characterized by consisting 
of the aluminum radical alloy containing the magnesium of volume %. 

[Claim 3] The fiber of said super-high multiplier is the abbreviation of said sheet. From 45% to abbreviation In 
55% Configuration member according to claim 1 characterized by being oriented with 0 degree ** 5 degrees. 
[Claim 4] The fiber of said super-high multiplier is the abbreviation of said sheet. In 50% Configuration member 
according to claim 3 characterized by being oriented with 0 degree ** 5 degrees. 

[Claim 5] The fiber of said super-high multiplier is abbreviation within the sheet of others other than said sheet. 
Configuration member according to claim 1 characterized by being oriented with **25 degrees. 
[Claim 6] It is extended in the predetermined direction and is 35. From volume % 45 The magnesium radical alloy 
matrix of volume %, 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the configuration member by which the composite material 
which has an aluminum basic metal matrix and a magnesium basic metal matrix with the continuous carbon fiber 
arranged with the piled-up sheet gestalt was extended. 

[0002] fiber with the long publication through this whole specification a "continuous fiber" — meaning — **** - 
- the direction of predetermined to the fiber in a configuration member — being in agreement — the other end 
from the end of a configuration member — or it is prolonged fiber, without breaking off in any way over a 
perimeter edge. 

[0003] The publication with "the extended configuration member" means the configuration members (a plate, a 
rod, tube, etc.) of the arbitration which has a big dimension in the predetermined direction called the 
"longitudinal direction" which stress should be delivered. 

[0004] The vocabulary with a "sheet" means the layer of textiles or a nonwoven fabric (woven or unwoven 
fabrics) as usual regardless of the approach by which the layer was made (draping (draping) again confounding 
(winding) etc.). 

* [0005] Especially the metal matrix composite-material configuration member by this invention is suitable for the 
i application in a space industry, and the application which more generally needs high order stability. 
F [0006] 

[Description of the Prior Art] It differs at the satellite and probing equipment which are used in space, or stress 
with the amount of [ of a spacecraft ] structured division especially severe in addition to this and the point of 
especially receiving mechanical stress and thermal stress. Therefore, it is necessary to measure the 
effectiveness of gravity, humidity, or temperature carefully in the assembly in the ground, or a trial. 
[0007] In a launch phase, a launch rocket tells an intense vibration and an intense thrust to a spacecraft. In the 
culmination, while the spacecraft is operating, the spacecraft has received the severe temperature gradient in 
respect of not being illuminated in the field currently compared with the sun. Furthermore, a spacecraft is in a 
vacua and will be dehydrated. 
[0008] 
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TECHNICAL FIELD 
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[Field of the Invention] This invention relates to the configuration member by which the composite material 
which has an aluminum basic metal matrix and a magnesium basic metal matrix with the continuous carbon fiber 
arranged with the piled-up sheet gestalt was extended. 

[0002] fiber with the long publication through this whole specification a "continuous fiber" — meaning — **** - 
- the direction of predetermined to the fiber in a configuration member — being in agreement — the other end 
from the end of a configuration member — or it is prolonged fiber, without breaking off in any way over a 
perimeter edge. 

[0003] The publication with "the extended configuration member" means the configuration members (a plate, a 
rod, tube, etc.) of the arbitration which has a big dimension in the predetermined direction called the 
"longitudinal direction" which stress should be delivered. 

[0004] The vocabulary with a "sheet" means the layer of textiles or a nonwoven fabric (woven or unwoven 
fabrics) as usual regardless of the approach by which the layer was made (draping (draping) again confounding 
(winding) etc.). 

[0005] Especially the metal matrix composite-material configuration member by this invention is suitable for the 
application in a space industry, and the application which more generally needs high order stability. 
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TECHNICAL PROBLEM 



[Description of the Prior Art] It differs at the satellite and probing equipment which are used in space, or stress 
with the amount of [ of a spacecraft ] structured division especially severe in addition to this and the point of 
especially receiving mechanical stress and thermal stress. Therefore, it is necessary to measure the 
effectiveness of gravity, humidity, or temperature carefully in the assembly in the ground, or a trial. 
[0007] In a launch phase, a launch rocket tells an intense vibration and an intense thrust to a spacecraft. In the 
culmination, while the spacecraft is operating, the spacecraft has received the severe temperature gradient in 
respect of not being illuminated in the field currently compared with the sun. Furthermore, a spacecraft is in a 
vacua and will be dehydrated. 

[0008] In the environment where the above-mentioned stress and constraint exist, manufacture of a structural 
member produces a difficult problem, and when being used in order to support a high precision mechanical 
equipment like the mirror in which especially a structural member belongs to an optical system, it produces a 
difficult problem. 

[0009] In order to make the structural member which can oppose the above-mentioned stress by itself now in 
relation to this, while it has the stability of suitable magnitude, and rigidity, the ingredient with which 
indispensable positioning accuracy is compensated does not exist. It is because a heat regulator with a 
complicated change sometimes operates with said structural member. 

[0010] Therefore, the metal member has the expansion coefficient which is never zero. With this expansion 
coefficient, when a metal member receives a temperature change, it becomes positioning instability. The rigidity 
of a mechanical member is also only unsuitable to the application generally taken into consideration. 
[0011] A metal matrix composite-material configuration member can have high rigidity in the longitudinal 
direction of a part rather than can be [ and ] so sensitive to a temperature change. However, the metal matrix 
composite-material configuration member has the important fault that the water which metal matrix composite 
material was . absorbing on the ground flows out gradually, when rushing into a vacuum. When [ this ] water flows 
out gradually, the dimension of a part will change. The following excessive procedures are needed at the time of 
manufacture of a spacecraft. Change which permits re-positioning of a high precision mechanical equipment in 
space will equip a spacecraft with complicated equipment. However, the above-mentioned point is an activity 
which consumes the difficulty and energy which will influence the dependability of a spacecraft and will contract 
the service life of a spacecraft. 

[0012] by using a metal matrix composite-material configuration member, since a continuous fiber exists, as 
compared with what consists of a pure metal configuration member, it can be markedly alike, and rigidity can be 
raised. Furthermore, the problem of change of the dimension by dehydration in a vacuum is removed, further — 
these advantageous points — the case of a carbon-aluminum fiber-composite material and a carbon-magnesium 

_ fiber-composite material—- especially ^- C.Desagulier him ** the paper "High Stable Advanced Materials 

For Space Telescope and An Application of Metal Matrix Composites" (IAF-96-I.3.01) to twist is indicated, 
using-carbon fiber and condition of super-high multiplier that sheet [ which is especially coefficient-of-thermal- 
expansion 302 GPa of a longitudinal direction in this paper (aluminum matrix) ], and element "layer" are obtained 
recommendation ******. alphaL 1 and 10-6/degreeC — or (magnesium matrix) — 1.27 and 10-6/degreeC 
(aluminum matrix) and tension multiplier of a longitudinal direction EL 280 GPa — or (magnesium matrix) — 
[0013] However, coefficient of thermal expansion of a longitudinal direction alphaL About the procedure to 
manufacture of the thin configuration member (set of each sheet) which must be zero (that is, the absolute 
value of a coefficient of thermal expansion is 0.2 and 10- 6/degree C henceforth) substantially, it is not 
suggested at all. 
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MEANS 



[Means for Solving the Problem] Especially, this invention can have high rigidity and the Takayasu quality of a 
dimension, in order to support a high precision mechanical equipment in space so that it can be used by the 
original configuration of this metal matrix composite-material configuration member about a metal matrix 
composite-material configuration member in space and. 

[0015] According to this invention, it can have high rigidity and the Takayasu quality of a dimension by the metal 
matrix composite-material configuration member, it be extend in the predetermined direction and this metal 
matrix composite material configuration member be each. 35 from volume % 45 from 65 volume % arrange as a 
continuation sheet parallel to the aluminum radical alloy matrix of volume %, and a predetermined direction 55 it 
be characterize by have the carbon fiber (it be abbreviation at least 90% of carbon fiber be fiber which have a 
super-high multiplier) which volume % followed. The carbon fiber of this super-high multiplier is abbreviation 
among two or more sheets to a predetermined direction. From 25% to abbreviation It is 60% of thing. In an 
alignment eclipse and other sheets, the carbon fiber of a super-high multiplier is oriented with 0 degree ** 5 
degrees between **20 degrees thru/or ** 40 degree to the predetermined direction. 

[0016] In this case, an aluminum radical alloy matrix is abbreviation. The magnesium of 10 volume % is included. 
AG10 It is desirable that it is a mold alloy. 
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[0026] vhy^x £«t«^n-enitf<s 
mt<D±#m<Dm 4o%£ft 60%^^-rSo -buses 

40% J £ 60% J £©§BiS»> -j vx&mWL 

)&gPtt©{*»© 65%#>6 55%T&&C££;gl)*l,-tl,> 
•5>. 50 



ftWlW- 1 1 -2 56 2 5 4 

6 

[0 02 7 ] *§m<D!f{- £ 1 ©HJfi©Jg«Ktel» 

T. 7MJ ^X^ff^tl^il* 10 Wffi%<D-?>? 

^fe«!HL--r tacio^j £©^^Tftie>nrc^„ 

[0028] ggsi i ©njfi©^ss(cfet»-r, m&htcm. 
mmm<D{i>tj:< t&m 90K^m$»©ttft (f&*> 

M>£r< £&ft 650 CPa ©?|gR*)ffi«£#'r.5*ltttt) 

"C*€>. «?tC. L fcjK3Sti»*t«MITSUBISHI rK139j 

[0029] mnmm.<Dpimmm< l m$k<Di'- y<d*>*> 

45%2»e> 55%©fe©-c^^g|5M©ft^[^«:>Pti.-r - 

5* £ +5* £©s©ftg[«:^i$i#w6nr(,^. ffe©-> 

-h (-r^fe^^©^- r©^% 55%#>6 45%©& 

©) {c*5i»r. «HE^©^li*ttt«^g|JM©fi#^' 
i6jfc*fL,r 20* #>6 40' ©Pd]©fta©— ^rit]^/c«-e 

[o o 3 o ] if?$bi>3gi ©njs©^ss{c*ji»r. 
5/- h«^gPW©*PBl©s^^affl(cMur^ffi*t 

f*{ciBa$n^ofi#^(fij£iRf{ciBgsnrt^„ k 

[0 0 3 1 ] S^>- h lC*sl>-C . ffliS^©»ft«S^ 
(CWf-C* 03ft»ofl6©«RS»tt©fi#^iSi{c»o'C«fiJi 

[0 0 3 2 ] *»WCC «ti«iasaWt« v $T»S«ft(^ 
J&tfc (fibrous preform) ^IfjgL/. <E-©t^v h l ) vt> 

»!3g$ti?> 0 «fc«IKHa^i*©MjStt^Jt3ns-i#1« 

jsdaM*©jB«tcfi3¥brc»s. <ttK, e»^m©m«« 

cc) ffi©KMtiiffl*^t>-ttr«ffl3ti. 3fe^c<{fc:n 

[0 033] ^r©->- hrtr-ai^cw^c 

«Kffla*©*n©#a»<&jBfi53ft*»^ iiiftevhy 

«^fc« > — gp©t/- h«ijeiftflMK©lttHI4>e>©^l!iK 

^n; ^©ftfe©~>- K*WBja»6?$5R3'm:«,»s. ; s^- - 

»Sai*^tfc©»jt©H^«iK) 90%^ 6ft 100%© 

[0034] ta*gofc^i*^©^(ctt. «^gm©g 

hrt©|t|faSliMI?:tBSCc5:^-rSA:*{CSiiS^© 
/eft 90%©^£-^-^©t,*^©^©ffi©jlill,fc^ 



at«CJ:0»RS3tiyt#Sj 10% ©ft* fit*. 6 £ 7 

-fvmtum 6 n s . is i <Dmifo<DBmc ts^x 

letS 3 ft £ <fc "5 (C, C ©-& <Dfto<OmklZ TORAY* 7*© 
TM40J P Tm0fX$>2>. 

[0 0 3 5] *«n«:J:S->» h V v i» 
flteSSB»BJJnEE»JS«:J:»)t!jiSfta. c©^iS{Cctft 

(c. mmsmw? y » * :fa * 

^-rssot^s^fiifctcg^fts. c©^M«±a! 

[0O36]fi KPttcfcur. 3>-r^-rtsc>*ilSrt 

JUKI S ft, *>-3Wfls2h5. 
[0 0 3 7 ] Z^ttftiCltKgS tite&£&7C±tiC&M-f 
•Si. C©-^W»S!rtgPfCgS£Lii*ftS. COtfELji 
MZWiLXlfa 30 bar t!p6#J 100 bar ©58©JI;fr 

;kc n > 7- 1- & noErr z> c t x- g mmc& c & „ 
[0038] assa'^Tasw ztiz>t-r<- ic&mm 

( cool i nq member) ££SM©I£ t W& ? it & C t XffifiH, 

a*fcw*»*«aasisft4. ms#i££©&@ag&rBc 



(5) ^Pg^F 1 1 -2 5 6 25 4 
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* [0039] coinim&f ^icib<Dmto<Dtm&}nmm 

fC--H>T©H&&f£WC-Ol,:>-a*. Arnold 3. COOK S. 
SO' Paul S. WERNER .RiC <£&f&;£ "Pressure Infilt 
ration Casting of Metal Matrix Composites" ( "Mat 
erials Science and Engineering" A 144, October 19 
91, pp 189-206) £#M3ftfc(,>„ 

[0040] *mxom i (ommm^cii^x . j $ 
io s) i)m\zwm<<c&<owmztiz>« awts# 1 5 

ST« 260 mm X 130 mm X 3 mm ©|5j^j"&£W L-Tt,» 

bPW## 6 « 160mm X 80 nm X 3mm ©^"j£5:W 
L-TUS. ±X<Dmf&%$tttemC AGIO Vh'J.^X% 

WKSft-oTt**. <t^t, &bC.ft6©i!uff2f&{*# i 
6 ft (a»t#-*f 1 5) £/c« 10ft (SBttS-Sf 6) 
©3&4^>- r*»6J&fiS3*vCC>*tf;£ jfiilH&ifc© K139 
*S*©*{4*sffl^ ©WTJgJSRftlfflraSc o X < /c/c 0 

^•-".VS-St 1 #>6 5 B 90%© K139 «Slt^c>* 10%© 
20 M40 BMZSfr* — 6 « M50 (DffimZ^A, 

x^ia ±Mttmxmix*3-Zhtix\<>z> 0 

[0 04 1 ] 
[*1 ] 



««■»* 


Ku — t:">i/(K139^^) 




.1 






2 


0° GD|$£I25 0 /o 
±30° CO|«*g75% 


(+30°;+30 a ;+30 c ;0":-30 t; ;-30 i ;30 o ;0 = '; 
0 c -;-30°;-30°;-30 c ;0 c; ;+30 c ;+30 c ;+30 o ) 


3 


0° C0|ftjMI25% 
±22° COi^^75% 


(+22° ;+22" ;+22 i ' ;0 J ;-22 V22°;-22° ;0°; 
0 0 ;-22 0 ;~22 0 ;-22 l -;0 0 ;+22°;+22 c ;+22 i: ) 


4 


±30° C0^j^50% 


(-30 o ;0 o ;+30 c ;0 3 ;-30 o ;0 o ;+30 o ;0 o :0 o ; 
+30 D ;0 3 ;-30°;0°;+30 :> ;0 o ;-30 c ) 


5 


0° GD|ft*g50% 


(-25°;0°;+25' ? ;0 o ;-25 c ;0 o ;+25 o ;0 a ;0 o ; 
+25 3 ;0 c ;-25 c ;0 c ;+25°;O°;-25 D ) 


6 


0° C73*S*t60% 
±32° <Z)fft#£40% 


(0;32 3 ;0;-32 o ;0;0;-32 o ;0;32°;0) 



[oo42iii xjz&hfttcmftmmzzti^ti^m. 

7jkhtci><DX$>Z>. 

[0043] jz^xm&zfttcmMf&mcm'i^xmig. 
mtemmiktirFxtoKmmtcj; v zmmsnttimmz ft 
■5. c<DmmwmmikmzM.T<Dm<)x<!?>2>. 

- AGIO T^S^-^A^CC^O^Sft/c^)!^ (m 
etal bath) ©SS : 720° C 

- mmf&WU&: 670' C 

- Mjzi£<iE.t} : 60 bar 

- BE^»±^ : l bar/s 

- ^^J^iPaiS : 50" C/min 50 



[0044] mmm&&>mwm&ft*. *> ct *> k. . f# e> 

[0045 ] £*!*&£ ^0 ffiTiltc; ^#{C J:?»«K« 
BU0R£<*©?gvSD a DS^x^}lS5SI^Jcc>*^ilSS^ (meta 
llographic observation) (Cj; >)tf5tlfc„ Cft6© 

[0046] «fi8»W*»6WmiSft)t«K»«:tftoft* 

5mt<,c~z>i,>xx$>z>. 

[0047] wsmi&msk. m&ttmvtemwm&w; 



(6) 



4C 2.26 q/an 3 t 2.30 q/cm 3 <t©RS©HMitT£>&C t * 
jWJBL/c. [0 04 9] 

[0 04 8 ] SHSS (ft 20° C) r&«8*{*(CtT*>*l [«2] 
*i»H»«»4«!ia«!lSCMS»WSl 2 (Of fetftCS'lVC l> * 



1 1 -2 56 2 5 4 
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•toil ?fer A +1 f 5 - 






P M 1 J 


PP'KJ O 








L^ft^^ 
(GPa) 


EL 


360(2) 


166(2) 


215(2) 


226(2) 


275(2) 


282(3) 




a L 


0.47(2) 


0.25(2) 


0.23(2) 


0.1 


0.08(2) 


0.26(4) 


(lO-e/^) 


aT 


8.2(1) 


6.9(1) 


6.9(1) 


8.2(1) 


9,0(1) 


4.53(3) 




Vf 


60.3V-0.3(5) 


50.8+7-0.2(5) 


59.5+/-0.3(o) 


55.7+/-0.3(5) 


59.4+/°0.5(5) 


57± 1.02(1) 



[o 05 o] ±i2*2cc*j^r, rL^j £©iei£« 

[0 05 1 ]g2 (Ommfr h . *^lfij©«lJKSR«R«[ 20 

i^urfco. aw* 2, 3, 6 »BW<DS#^myK9 
ffiB*£*ncc*o't:i>s. sp« 4, 5 s#^r 

fa'C 0.2 • 10r 6 / C «fc«J{aiM$» L £WLTlr>&. 93 
tJ 1, 5, 6 ©<&# ioo CPa &M^&g&^fa<Di.\Mte. 

[0 05 2 ] ^^Hogr i ©3Wfe©m e -0cfci^r. SPtt 

& /c it>©Si§5©S® fit L/ T t, »-5 . 
[005 3] *^<DW* Ll>*2©SaS©JK98{Ctel> 30 
V h >J ^XrtSft 9 ft«%©T->l/5^'>'A£^itf 

GA9Z1 

[0054)11 ©ISSfc©»«r7j*3ftfc<fc 5tc. v f- 

6o% ©&«#* *i ^ft w i/ -r *,» -s . 
[0055] &§m<Dm2 (omMoymmz^Ttczbicm 
viz ntcMWMicis^r . mmfcm-sffl&i'- ko^-t 

ISnfc «i39 §2©ft 90j*S%©^iiS^:©^sSm«l 40 
i> K139 Mili*6*^f#^-Sfc*{c«Bf^|SiKieg$ft 
fcft 1<M<D M50 M©g^»ft<b^:WUri^. 

[o o 5 6 ] mtis- h©aa«. ^t©i/-Kc^ 

■CiBiS^©liiHt^«tR£gm©S*^|filK:*rL-C or ± 
5° tc^ifij^^ft^cfc^ic^^ftrt,^. 

[00571 ^1 ©H*S©^)S-CiBtg$ftfcJ: 5 CC. 4K 

(SgpWtt3&nE»jg(c j: o acogfefl-fctto r«jss ft*. 

- GA9Z1 •? V *i>"5 US&'fe (alloy bath) ©SS : 
750° C 

- ftttf&J&ftSK : 750° C 50 



- WckM^EJl : 60 bar 

- Kt>±&m : 1 bar/s 

- : ft 25° C/min 

[005 8] rg|5M 7j i^«ft-Sf#6ft/c^SPt^© 

ttmam i (Dmmmm^tm^ 1 

•JUJSftfc. WW 7 ©»BW»3W»aai5e«:j: ») 1.95 
q/cm 3 iMStlfc. 

[005 9] ^3ttjg|HSS (ft 20° C) &CTtfftft7c 

[006 0] 
[«3] 









(GPa) 


EL 


384(3) 


(10 fi/t) 


aL 


0.01(4) 


(in 6/x:) 




5.33(3) 




vr 


2.5(3) 



[0 06 1 ] «3©ft(tWtt. SPW 7 # 0.2 • 10"V 
i> 100 CPa ^^'CffiATCi-S. iot. i/-h©^% 

'ptt<t$> 90%©^©'cr«S$i©^*i 0° ± 5° v 

[0 06 2 ] m&t hX s *^(c«t-5^ ifJl-v h V 

5Ett <t -r * £ r ©fEfflcc *f l- x mm 3 ft 5 c <t * 



(7) 

11 



sftH^l 1 -2 5 6 2 5 4 
12 



V "71s 7s - 06210 * V> K * U a. • 549 • ~3 



• 06560 • , yr^#>5? • Kv- 

* • F * • y;u • h • r>'**;*' 
r • y j.— )i • i 



